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M a n u s c r i p t 3 PNG until sample collection was completed. The samples were then transported to Murdoch 90 University, Perth, Australia and stored at 4 °C until analysis. 91 92
DNA isolation 93
The preserved intestines and stomachs were washed 5 times with water to remove ethanol and 94 the epithelial layers were scraped using a sterile scalpel blade for each fish. DNA was extracted 95 from 25 mg of intestinal and stomach scrapings using a PowerSoil ® DNA Isolation Kit (MO 96 BIO laboratories, Carlsbad, California, USA) according to the manufacturer's instructions and 97 incorporating five freeze-thaw cycles as described previously (Ng et al., 2006) to break open the 98
Cryptosporidium oocysts. DNA was eluted in 50 µL of elution buffer. All extracted samples 99
were stored at -20 °C until required for screening. 100 101
Cryptosporidium genotyping and subtyping 102
All 614 samples from fish were screened for the presence of Cryptosporidium at the 18S rRNA 103 locus as previously described (Morgan et al., 1999) . Prevalences were expressed as a percentage 104 of positive samples; with 95 % confidence intervals calculated assuming a binomial distribution, 105 using the software Quantitative Parasitology 3.0 (Rozsa et al., 2000) . Isolates that were positive 106 at the 18S locus were subtyped at the 60 kDa glycoprotein (gp60) locus using primers which 107 produce an 850 bp product (Alves et al., 2003) ., however, amplification was unsuccessful and a 108 shorter (400 bp) product was amplified as described by Sulaiman et al. (2005) . 109
Positive isolates were also amplified at the actin locus. New primers were designed specifically 110 based on actin gene sequences of piscine-derived Cryptosporidium and a semi-nested PCR 111 protocol was used. For the primary PCR, a PCR product of ~392 bp was amplified using the 112 forward primer ActinallF1 (5'-GTAAATATACAGGCAGTT-3') and reverse primer ActinallR1 113
(5'-GGTTGGAACAATGCTTC-3'). min) and a final extension (72 °C for 7 min). For the secondary PCR, a fragment of ~278 bp was 120 amplified using 1 µL of primary PCR product with forward primer ActinallF2 (5'-121 CCTCATGCTATAATGAG-3') and reverse primer ActinallR1. The conditions used for the 122 secondary PCR were identical to those for the primary PCR. 123
Secondary PCR products were separated by gel electrophoresis and purified using a simple tip 124 elution method. Briefly, the PCR product was excised from the gel using a scalpel blade and 125 purified using an in house filter tip method and used for sequencing without any further 126 purification as previously described (Yang et al., 2013 Of the 614 fish sampled, seven (1.14 %, 95 % CI 0.3 % -2 %) were positive by PCR, of which, 149 two (0.33 %, 95 % CI 0.09 % -1.2 %) were cultured fingerlings, one (0.16 %, 95 % CI 0.03 % -150 0.9 %) was a wild freshwater species and four (0.65 %, 95 % CI 0.25 % -1.66 %) were wild 151 marine species. Among the fish hosts infected were: two Nile tilapias (Oreochromis niloticus) 152 with a prevalence of 2.4 % (95 % CI = 0 % -5.7 %; 2/83) from fish ponds in Kundiawa and 153
Mumeng; one silver barb (Puntius gonionotus) from Sepik River with a prevalence of 1.9 % (95 154 % CI = 0 % -5.7 %; 1/52); two oblong silver biddies (Gerres oblongus) from Bilbil and Tavana  155 with a prevalence of 3.6 % (95 % CI = 0 % -8.5 %; 2/55) and two mackerel scads (Decapterus 156 macarellus) from Pilapila with a prevalence of 6.9 % (95 % CI = 0 % -16.1 %; 2/29) ( Fig.1 ). 157 158
Sequence and phylogenetic analysis of the 18S rDNA, gp60 and actin genes 159
Sequence analysis identified C. parvum (5 isolates: Nile tilapia ON36 and ON68, mackerel scad 160 DM17 and DM18, and silver barb PG37) and a novel piscine genotype (2 isolates: silver biddy 161 GO18 and GO55), hereafter referred to as piscine genotype 8 at the 18S rRNA locus (Table 3) . 162
The two piscine genotype 8 isolates from silver biddies were genetically identical to each other, 163 but distinct from all isolates previously characterised at the 18S rRNA locus (Table 4) . 164
Neighbour-joining, parsimony and maximum likelihood analysis produced similar results and 165 indicated that piscine 8 genotype clustered most closely with the piscine 3 genotype from a sea 166 mullet, while the other five isolates regularly clustered with C. parvum (85 % bootstrap support) 167 (Fig. 2 ). Sequences were also obtained for the two piscine genotype 8 isolates at the actin locus. 168
At this locus, sequence information was only available for C. molnari and piscine genotype 1 169 and piscine genotype 8 grouped more closely with C. molnari genotypes (7.3 % -8.5 % genetic 170 differences) ( Fig. 3 and Table 4 ). 171
At the gp60 locus, three subtypes belonging to C. parvum (family IIa: IIaA14G2R1, 172
IIaA15G2R1, IIaA19G4R1) and a C. hominis subtype (family Id: IdA15G1) were identified 173 (Table 3) Cryptosporidium spp. (Table 4) . Based on the differences in the genetic sequences, piscine 234 genotype 8 is unique and may represent a new species; however, further research is required to 235 confirm this. 236
The present study identified zoonotic C. parvum subtypes in fish species, which are frequently 237 eaten in PNG. Previous studies have not identified conclusive evidence for transmission of 238
Cryptosporidium from fish to humans but one study reported that urban anglers are at a risk for 239 M a n u s c r i p t 6 contracting cryptosporidiosis from exposures received while fishing and consuming caught fish 240 (mean probability of infection was nearly one) (Roberts et al., 2007 M a n u s c r i p t A c c e p t e d M a n u s c r i p t M a n u s c r i p t Table captions  334  Table 1 : Species/genotypes of Cryptosporidium reported in fish in previous studies. 335 Table 2 : Cultured freshwater, wild freshwater and marine fish species collected in the present 336 study. 337 Table 3 : Species, genotypes and subtypes of Cryptosporidium identified in fish in the present 338 study. Sample DM18 was typed as C. parvum at the 18S locus but at gp60 locus it was typed as 339 C. hominis (IdA15G1) indicating the presence of mixed C. parvum/C. hominis in this sample. 340 Table 4 : Percentage of genetic differences between piscine genotype 8 and other 341
Cryptosporidium species/genotypes at the 18S rRNA and actin loci. 342 M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t A c c e p t e d M a n u s c r i p t 13 
